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(57) Abstract 

A freestanding, 
microporous polymer sheet 
(52, 56) is composed 
of a polymer matrix 
binding and electrically 
conductive matrix. The 
polymer matrix preferably 
includes UHMWPE, and the 
electrically conductive matrix 
preferably is in powder 
form. The UHMWPE is of 

a molecular weight that provides sufficient molecular chain entanglement to form a sheet with freestanding characteristics. Multiple 
microporous sheets (30) can be wound or stacked in a package nlled with an electrolyte to function as electrodes in an energy storage 
device (86), such as a battery. Metallic layers (81, 83) can be applied to the microporous sheets to function as current collectors in such 
devices. 
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0/hM&#«#«fciI^f&£A*U 1 8 CCfcLfco fi^ir^^^S 

)V (6. 0 g) *iHx.fc 0 4tU^:M^5^ItlL, 

7t 0 i^Jte^SFttte* 1 5 r pm-CEI^ei-iC. W. Brabender Pre 

p-Mill Model PM-300, 2n-;v^5 ]W:iL, 1 5 0 VK 

[0 0 4 3 ] 

[0 0 4 4 ] 

5 0g/cc^fBSL^: o 
[0 0 4 5] 

(*M8) -«Mtv>^v^->- j^Mt 



CIS) 



43*2 0 0 2-5 42 57 4 



U HMWP E ( 1 9 0 0 HCM;Mont e 1 1 Polyoief ins, 
10. 0 g) ;& J: tfSttft* (BG-35, Superior Graphit 
ett, 4. 0 g) 2 5 0 m 1 ^ 7^ f ^ t* - * - ^ TCMv >f ( 



Tfr% U m^B. ; K e r r -M cGee Chemical LLC, 3 2. 

0 g) St?, ^^fay^fflV^f^l^-L, 

t4ofcti%tShe 1 1F1 ex TM 3681 JDXffl* >f ;v (She 1 

1 Oi ltt, 8. 0 g) *tDx.fco iSJtUlttl^ftiST?*^^*^* 
*5^Sfi-ff, n-9~^tft&l|Xt)tt»j\ HAAKE Rheocord 

9 0 r- JV^ U**~-?*-K£ *)mW}2tl&, 8 0RPM-e@fenHAAK 
E Rheomix60 O/haS&jtJtMWfcfi-frfcfcAtU 18 0ti: Lfco fi 
^f-^rW^S b^XJjv (12. 0 g) *jbHx-fc<> 4iL^M^55-Hl 
*DL, ftttSMa-ftftSfco i^SMkfcSrl 5 r pm-ClEllK-r&C. W. B 
rabender Prep-Mill Model PM- 3 0 0 , 2n-jv 
5^;W::#U 1 5 OtJKLfco n-jvHB&fc&o. 4 mmi:|lU £fifcLfc 

[0 0 4 6] 

[0 0 4 7] 

U$0. 3 9 mm<^#f>*Lfc^?LSJV- h i: Tft££iffll »3 , SfJK * jfc #> 

«, £fJ£tt 1 . 2 7g/cc*SfiU 0 
[0 0 4 8] 

(£fftff! 9 ) BMttffr (IK III) ^M^y- y c^S^it 

UHMWPE (1900HCM;Montell Polyolef ins, 
3. 2 g ) Sr2 5 0miy57f^t'-* - ^m^M (II, III) 
(Pb 3 0 4 ;i~2 i «m;Aldrich Chemical, 145. 8g 

tic?tti4-eShe 1 1F1 ex TM 368 1 JPXffl^-Y;V (Shell 
Oi ltt, l. 5g) SriD^Tto S filial C ^ S I T»t ;vMig#ft ^ ^ 
^Ot, n-9-aHR*^J9#»t, HAAKE Rheocord 9 



(19) 2002-542574 

0 *)mWa2tl2>, 8 0RPM"?i^tSHAAKE 
Rheomix60 0 A^m&timWm^WL&m*: A*U 180tU tfc. 
^✓/<HSf,K*>fJl/ (2 2. 8 g) *in^.fc 0 ^JSfcLfcfi^** 5frMM*DL 

> i^-4Jte*te#*#feo -0#£#f£#£ 1 5 r p m-CB4&-*-* C . W. B r a 
bender Prep-Mill Model PM- 3 0 0, 2 n- 5 
)MC#U 1 5 Otiato v-)Vmm*mO. 7mmi:|lL, n-^fit^ 

[0 0 4 9 ] 
[0 0 5 0 ] 

ffSO. 6 7 mm©#t>*Lfc^?LS'>- > W** ^«riW ») > 
©S?JKW:3. 9 3 g/ c c ^IB^Lfco 
[0 0 5 1 ] 

0) wm& (in **r->- 

U HMWP E (1900HCM;Montel 1 Polyolef ins, 

1 . 4g) , »J * A (BaS0 4 ;Aldrich Chemical tt 

> 2 . lg) fcJ: CF^aift * - r//7 7^ (Super P ; MMM Car 
b o n, 0 . 2 g) *2 5 0ral^5^f^ if- # - ^-CBMfclfi- (II) 

(PbO;Aldrich Chemical. 88. 7g) KjU^-fco #J— * 
fc * i -C, a9*fflV»T»*tfi#L, ISj— t*ofct S 

he 1 lFlex™ 3 6 8 1 #Dlffl;t^ ;v (Shell Oi It 1. Og 
) *|x.^o SS«»tt»H4:4 4-C*>f *3&*§fi-ir* n 

-9-^«*JRi9#lt, HAAKE Rheocord 90 r- - 
*-K«fc 8 0 RPM-CifetSHAAKE Rheomix60 

o^mfaijmwm-u&mzxfr, 1 8 orcifc, M&^-^y^Kz hK*j 

(ll. Og) SriDx-fco ^L^M^5*M^L, J§-£tt«M*Mfc£ 
iO*fSH4#Sr 1 5 r p m^lHK-*-* C. W. Brabender Pr 
e p -M ill Model PM-300.2 n-;Vj^ )]s\z& U 1 5 0 <C 



(20) M2 00 2-542 574 

KLtzo v-^mm*mo . SmmtlSL, D^;vMtl3 0ttBffct 
[0 0 5 2 ] 
[0 0 5 3] 

»?0. 8 6 mm^ft Jlfc^S*/- h ©11 1 f D , 
o^§tii4. 0 6 g/c c SrfEdSLfco 
[0 0 5 4 ] 

(^wm i) fomt-v r^^is- hosiit 

UHMWP E (1900HCM;Montell Polyolef ins, 
1 . 9 g ) J3 <fc ^li&tt (BG-35;Superior Graphite 
*h 3. 9 g) * 2 5 0m 1 ^yXf ^ (O 
MG Americas*±>20. 7g) ^idX-^o #J-&S^tf t & & £ 
^Afa7^fflv>TM^^L, t k £%"CS hel 1 F 1 e x T 

K 3 6 8 limXffl^-T X/ (Shell 0 i I tt> 1 4 . 8 g) £llO/L*:o Sfi 

#lt, HAAKE Rheocord 90 > )\<? J - ? - K J; 19 

8 0 RPM«tSHAAKE Rheomi x60 0/hM5i*it« 
MM-^£At^ l 8 0ti:Lfc o I^ft>^n:?f,(:*^f;v (3. 0g) * 

^15rp m-e0^i-& C.W. Brabender Prep-Mill M 
odel PM- 3 0 0 , 2n-^^jV(:iL, 1 7 5tt:Lf: 0 n-jV^i 

[0 0 5 5 ] 
[0 0 5 6 ] 

o^JKliO. 8 7 g/c c SriaSLfco 



(21) 0 0 2 - 5 4 2 57 4 

[0 0 5 7 ] 

mmm 1 2) m^m^- Yomm. 

UHMWPE (1900HCM;Montell Polyolefins, 
2 . 1 g ) S3 «t C/^IEtt* -**V75'^ (Super P ; MMM Carb 
on, 1. 7 g) 5:2 5 0ml ^77f? ^ fcf- # - ft»"CjRi&«5|t (BG-35 
Superior Graphi tett, 46. lg) fcjnx.fc 0 

4 -C\ x^^9£ffi^T^5ft£M^U £ i*T?S h e 

1 lFlex TM 368 1 jflUflJ*^ ^ (Shell 0 i 1 tt, 1 5. 0 g) 

HAAKE Rheocord 90 
— K£ <9 ft*, 8 0RPM-ei^fSHAAKE Rheomix600 

(i o. 9 g ) *inx.fco ^j*Lfcfi^*5^n«3mu ^-£tt*t£#£# 

£o i«iftt#;^ 1 5 r pmT@|Stl.C. W. Brabender Pre 
p-Mill Model PM- 3 0 0 > 2 n-;v^5 U 1 5 0 *C K 

Ltzo v-)Vfflm*mo. 6mraCllL, t«U*n-3'- htJR^L 

[0 0 5 8 ] 

[0 0 5 9 ] 

o £FJ£li0. 8 8 g/c c£fS«U -e*L-e*t^)ffi<7)#^^^^^(i: 5 8 
[0 0 6 0 ] 

(&tt*g 1 3) m&^v— h^wkm. 

*WJ l 3 l 2 -caw Lfc^fcffl^So fc/iU H#G-/^mtt#- 

•J' ?IS^fiJH:t^T, £<30#k;^<7)* o 'J v-v h U y M* 
Jfc3 : l^UHMWPEtHDPEt-etm o *M^J 1 2"?SiWUfcfcWC 
3MK£JBv>T. Hi»* (BG-35;Superior Graphite *± 



(22) 0 0 2 - 5 4 2 5 7 4 

,46. 1 g) , (Super P ; MMM C a r b 

on, 1 . 7g) > UHMWP E ( 1 9 0 0 HCM;Mont e 1 1 Pol 
yolef ins, 1. 6 g) , ft*J£*K 'Jif W> (HOPE) ( 1 2 8 8 ; 
Fina Chemical. 0. 5g) ^i^She 1 1F1 ex™ 368 
liHXffl*>f^ (2 5. 9 g) *^trfi#**fc#?LJl3'-- h^MLfco 

W-Lfco iM, #?LS>"- h<7»¥${i0. 2 5 mm, «0. 90g/cc 

[0 0 6 1 ] 

1 4) IMfr-g^S"- 

UHMWPEi:HDPE-e»^ 0 *Jfi^J 1 2 TiHE Lfc RI C^JRSrJflUT 
, Hlfriffi^ (BG-35 ; Super ior Graphite tt, 46. lg 
) , ^mtt* - r//5^ (Super P ; MMM Carbon, 1. 7 
g) , UHMWP E (1900 HCM;Monte 1 1 Polyolefi 
n s , 1 . 0 5 g ) , y V y (HDPE) ( 1 2 8 8;Fina 

Chemical, 1. 05g)j3<fcO ? ShellFlex TM 368 1 JjUXJB 

(25. 9g) Z&trM&mfrh&lLWi'- hZJ&mLtzo 
v>T, *4 ^"Cjj|fcS*Lfc5/- h£ 1 3 5*C-C2 n-;i/j^ ;v^fb3X*> ^L*r 0 
ttait, #?LK->- h<DJ¥$f*0. 2 5 mm, *SliO. 88g/ccTNfcofc 

o 

[0 0 6 2 ] 

^c7)2oc7)Jt^MD*3j;tJ f E^J: «9 , 1 4 "CtaE Lfc «fc 9 ^§^"7^ 9 

o^7^*"'Jv-v'- beoS^Kj&^L^^cD, WeUHMWPE^f 

[0 0 6 3] 

(Jfc^D) 

iltt*-#>y7 7^ (Super P;MMM Carbon, 1. 7g 



(23) #12 00 2-542 574 

) , UHMWPE (1900 HCMjMontell Polyolefin 
s > 0 . 5 g ) tfSSMf # ")^Vy (HDPE) (1288;Fina 
ChamicaK 1. 6g) £ 2 5 0 m 1 ^?xf--? ^ tf- # - 
(BG-35;Superior Graphitett>46. lg) ^iJQx.*: 

1F1 ex TM 368 1 j&UXJB * >f ;P (Shell 0 i 1 tt, 
15. 0 g) Srinx-Jto SE&3K»ttSRt'fl:**-C*>f Sfi-ff, 

n-5-llI^f)#lt> HAAKE Rheocord 90 h >u 
^ }s*J-?-1t~£ tylgt&StlS, 8 ORPMtgfttSHAAKE Rheo 
m i x 6 0 0/hMS**a^«^iS^%*A*t, 1 8 OVKLtZo u&^^y^K 
n^^JV(10. 9g) fctBitfco £*Lfc«***5frlfliIftLfcfcia 
, ^v^-^ h SrBfifc L/to £<D^-^ MiC. W. Brabender Pr 
ep-Mill Model PM- 3 0 0 , 2 n-;vj^ JVK&TZ. h 
&^o£ 0 UHMWP Ett^i^M-eii, Wttv- J> }i^< 

[0 0 6 4 ] 

(jtie«E) 

Jfc««D^lft9JLfcfcEIC#ll*fli^'T\ Wt&tffiM (BG-35;Super 
i o r G r a p h i t e tt, 4 6. 1 g) > -#^^9 ? * (Sup 

e r P ; MMM Carbon, 1. 7g) , (HD P E 

) ( 1 2 8 8 ; F i n a Chemical, 2. 1 g) fc^Shel 1F1 
e x T M 3 6 8 lilIlXffljj--f ;v (Shell 0 i 1 tt, 2 5. 9 g) *#tril 
^ft^HAAKE Rheomix 6 0 0/>I^ift#t4 , "e 1 8 0 ttfev^ 

o i^-^ MiC. W. Brabender Prep-Mill Mode 
1 PM- 3 0 0 , 2 n-^?/H:»titli-Pi4^fc, UHMWPE* 

[0 0 6 5 ] 



(24) #^2 00 2-542 574 

ttzitm^&^V (HDPE) ^tU^EBjeS tift^m^*' 

'Jv-tft^ot LTUHMWPE/5^^l*"'J'7-7f 'J 
<£><7)-^&& £ t £*IELT^;g> 0 L^U ^ 1 fi, *W#J 1 2 ~ 1 4 KfifeoTB 
^t^r^m^^v'- h<7)Mm: «5 , Ii/>UHMWP E-^ft^fp^tt^^>7°;V 

mmD& ^Etfflv^i J; ^) %/J^^fi?>U HMW P E -CJ± h^BfiK^tl 
^v^t t^LT^S) 0 K^^^fzT- 9 it, Yfrh2. 5cmX 

7. 5 cm<V^VifrKtyy)&Ltz3fc^y7*^frhUhtltzi><7)X~&*), 4> 
X fa>tftl^« (*x^4 3 0 1 ) -?WMLtzt><r>-?$>Z> 0 :£T?)-r* h J± 
> ?U7\^y KiSJK5 0 cm/m i n-^fofco ^ 1 fc* L^Ji¥l&te"e** 

O 

[0 0 6 6] 

inn 



UHMWPE/HDPE It 


mm. (g/cc) 


^l^giE^ (ksi) 


$\?&&m ( P si) 


mms* (%) 


100/0 


0.88 


7.4 


344 


10.6 


75/25 


0.90 


4.9 


224 


9.1 


50/50 


0.88 


3.6 


140 


6.4 


25/75 




0/100 



[0 0 6 7] 

(^Jfceaj i 5) M»-fr^r->- >«D«i£ 

UHMWP E ( 1 9 0 0 HCM;Mont e 1 1 Polyolef ins, 
2 . 1 g) , y tf -»J f^n^'Jv- (K y n a r 2 8 0 1 ; E 1 f 

-Atochem, 0. 2 1 g ) £ J: CH|E*te* (Super 
P;MMM Carbon, 1. 7 g) £ 2 5 0 m 1 * tT- 

^£fi-$5"3fc (BG-35;Superior Graphite tt, 46. lg) 

iotti^tS he 1 1F1 ex IK 3 6 8 1 iJPXffl^ JV (She I 1 0 
i ltt, 2 2. 9 g) *DHZ-tzo gfiiEftJRSR^ft**"?*^^^^*^ 



(25) 002-542574 

n-7-»t^lt> HAAKE Rheocord 9 

0 V* *-?-\Z& ljei&3*U>, 8 0RPMTifttiHAAKE 
Rheomix60 0 *A*L, 1 8 OTDtUo 

htetJfr (3. 0 g) SriBx-fco felftUfcfi-frW* 5 MM L, 
i<7)Jte*14#* 1 5 r pm-eEPJ£-r*C. W. B r a b 
ender Prep -M ill Model PM- 3 0 0 . 2 n-;i^5 ;V 
i:fL> 1 7 0 t!fc Lfco n-;HHHRSrjKio . 3mmCliU n-^^l 

[0 0 6 8] 

[0 0 6 9] 

o^JKfiO. 9 1 g/c c^iaiL^o 
[0 0 7 0 ] 

mmm 1 6) h^m^ 

fflV^T. Hf&ffr* (BG-35;Superior Graphite tt, 46 
. lg) , mn&% -#^7'^ (Super P ; MMM Carbon. 

1 . 7 g ) > y yfttf 'je^'JfV (Kynar 741 ; El f-Atoch 
em. 0. 2 1 g) % UHMWPE (1900 HCMjMontell Po 
lyolef ins, 2. lg) ^i^Shel 1F1 ex™ 3 6 8 1 iUXffl 
*^)V (Shell Oi ltt, 2 5. 9g) £^frM^»£>#?Lff v- h £ 
Mtfco mtHfe. ^URis- YOWZ&O . 38 mm, 92g/c 
c -e*o fc„ 

[0 0 7 1 ] 

(*« 1 7) H&JltMlfv- h^Mit 



(26) <&m.2 0 0 2 - 5 4 2 5 7 4 

'J 'J f > n * 'J v - ^iff LTffiV^ 0 1 5 "CKE L fc fc H C 

3MI&fflv>T. Hifr*3-5fc (BG-35;Superior Graphite tt 
. 4 6 . lg) , mU'&Jj (Super P ; MMM C a r b 
on, 1. 7g) , 7 yfhJKU fef — V r/n^fU "7- (Kynar 2801; 
El f-Atochem, 0. 53g) . U HMWP E ( 1 9 0 0 HCM ; M 
ontel 1 Polyolefins. 2. lg) fciVShe 1 lFlex 
T M 3 6 8 1 ilDXffl i^fjp (Shell Oi ltt, 2 5. 9g) **trfi#* 
^P>#?L«v- h£^ri£Lfc«, ffltWfc, #?Lft~>- h<Dl¥$ fiO . 2 6 mm. ft 
J9£*i 0 . 90g/cc "C&ofco 
[0 0 7 2 ] 

(£tttil 1 8) >C>«jI 

1 5T&WLfcfcroC3MI*flJV>"C\ Hlfr®-* (BG-35; Super io 
r Graphitett. 46. lg). Hfmtt* - 7*9 y ^ (Super 
P ; MMM Carbon. 1. 7 g ) . *''J7^'Jn^F"J;v (Aldr i 
ch Chemical. 0. 2 1g) , UHMWPE ( 1 9 0 0 HCM ; M 
ontel 1 Polyolefins. 2. lg) £ J: 0 s S h e 1 lFlex 
™ 3 6 8 ljjHXJB#>f;v (Shell Oi ltt, 2 5. 9 g) **trfi#« 
^f)#?Lly-fWLfc 0 amm. #?L®~>- h <7)I¥£ ttO . 3 6 mm. ft 
J^fi 0 . 9 5 g/c c -C&ofco 
[0 0 7 3 ] 

(*jfc#!) 1 9) H!fi"^Hr>- b^Slig 

« 1 5-Cf&KLfct|W|C#JlE£fl!v*-C. !$fr*3* (BG-35; Super io 
r Graphite tt. 46. lg). igM'tt* - #y/9 7? (Super 
P ; MMM Carbon. 1 . 7 g) , #'J x.<?-U>**Z/ K (Pol yo 
x WSR Coagulant;Union Carbide. 0. 21g) 



(27) #^200 2-542 574 

> UHMWPE (1900 HCM;Montell Polyolef ins 
, 2. 1 g) ^i^She 1 lFlex TM 368 lflDIffltf'f JMShe 1 1 
0 i 1 tt, 2 5. 9 g) *#tr«#*^t>^?L«">- h«r»lfitfco iM> 
#?LR^~ h<7)J?? ti 0. 4 0 mm, »i0. 9 3g/cct^cfc 0 
[0 0 7 4 ] 

[0 0 7 5] 

^;v^-{:^tSo Handbook of Batteries £#J&U 

=fc owl: 'jf^A-r^^^^A *^-tp 'Jf >>A^v^-*i/-->g yit&m : Wt 

<m (in, SMk» (ii, iii) axrmkniktokom&to ; 

; SHkMiS-; -^/p ; mm; m;m;^; Wtfkfk; yyfy-vy* ( 

l a n i 5 ) &&tr&m&%<km ; mi*** y ; mm, * ? a 

* v * - #y*?j ? n tf-X, 4 £ tt*&tt'ffc|fc£ £i§rfr > 

[0 0 7 6 ] 

2 o ) «&-^m?tb 



(28) 
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mm 




PbO i. g 


88.7 






BaS0 4 2 . g 


2.1 






*-#>^7 5'i'», g 


0.2 






PbsCM, 9 




145.8 




V-'J*6, g 






7.0 


3grfe$K g 






0.2 


Hi&aK g 






0.03 


m-ffcB&ihS'J g 






0.03 i 


UHMWPE 9 . g 


1.4 


3.2 


2.4 


g 


12 


24.3 


18.0 



1 -BMfcifr (JfrfeBMfclfr) , Aldrich Chemical tt 

2 flfcftfc^'J 7^, Aldrich Chemical tt 

3 Super P ; MMM Carbon 

4 mn (afrfeWfltffr) > Aldrich Chemical tt 

5 Hi-Sil(R) SBGf'J*, PPG Industries 

6 ACC10319E, Allied Color Industri 

e stt 

7 Petrac(R) CZ-81, Symthet ic Produ 
c t s*± 

8 Irganox (R) B-215, Ciba-Geigytt 

9 1900HCM. Monte 11 USAtt 

10 Shel 1F1 ex™ 368K Shell Oiltt 
[0 0 7 7 ] 



(29) 00 2-5 42 574 

^©t^ 0 n-5-«IRt]#^> HAAKE Rheocord 90 h 
V* * -?-K£ *)&M2fc&, 8 0 RPM«t?>HAAKE Rhe 
om i x 6 0 0/hM3*ljm#m^iS»m#^i]D^. 1 8 OVKLfco 

jimtm-n*) 4 ;v (i 1 g ) £Mx-£ 0 ^^M^^^s^w^foL, m 

-£tt«t£fc£#*:o £<^*'f£#:£ 1 5 r pm-etilfe-rSC. W. B r a b e 
nder Prep -M ill Model PM- 3 0 0 , 2 n-jv^s- )VK 
$£U 1 5 OVKVfto u-frfflmZmo. 6 7mmt:itL, n-;Vfi)|^l 

[0 0 7 8 ] 

±ia<^^)III^^»9ilLT^^^L^o fcrtfU *>fJW (1. 5 g) £6 0 

omi v-^if-^-^^mum-tm.^'L, ^m&tim&m-z h\^^^ ( 

2 2. 8 g) SriJUx.. 2 n*-;i/5^ JV<7)§.JKSr 1 3 0 *CH L> 2 n-;i/j^ 
JVCOKP^?:^JO . 8mmi:Lfco 
[0 0 7 9 ] 

±m<D^m*m*) MLTmM*rtf&i,tc<> ?t^u *-r;v d 2 g ) £6 0 0 

mi h-^tr-^-^-e^^^tM^L, /m&tiWtwm-Z )i< (6 

g) £Unx_, 2 ti-;V5^ ;k?)SJ^£ l 7 3 TJfc U 2 n-;Vj£5 ;K7)ffllW 
£&0. 4mmtUo 
[0 0 8 0 ] 

•ttL-eil^cg $ 4 c mX 6 c m©2tt<Oft*»*»if - hidi^^ b^M 
#:^£>5J«9 ffl Lfco l*fc<7)6 cmx 8 cm^SM^Si^- h £-93 fB Lfc 
o ^tL^tL^ci $ 4 c mX 6 c mX\ 2 c mX 1 0 c m<Dfy*) L * -?*ffik-tz 
2*fccr>*aE^|*#*i^^^>' KMX L fclfr # ^ A ^# (0.0 6 5lf% 
M-H^DIUUo ft^y^f'V^Tj-ffitt ImmX l mm -Cab*), * 
^11 P<7)\h&te 8 mmx 7 mmT^o^o 
[0 0 8 1 ] 

■=£ 7* JVC Carver Laboratory Press 1 



C30) #«2 0 0 2 - 5 4 2 5 7 4 

4 3 C> 1 0 0 k P aJslT<^J£^7-C3S*}#!b*^o ^VCtSt* $ ttfcRfcffiV- 
h 2#.<Dmz.m2<D?V y K*i**&*, Carver Laboratory 
Press tf-Cl 43t, 1 0 0 k P a UT<^BE*"C»»}#sb*fco ±f2<^<fc 

Carver Laboratory Press 4 3 "C 1 4 3 *C> 1 

0 0 k P a &T<affi;&-C3B»5^fr-frfco 2 0 0 r pm^t^v^^f-y 

V>*^/ittlfeM-* 2 0 T?<7)7^-A:7- F^"C5fl*HKjftL*:», 9 0 °C<D 
mMQ&m*'? 1 5 fl*M«:«kL-fco 
[0 0 8 2 ] 

o -kjv^^ 7 ^ J: W^lSf y ^ - ^ - 1 Cfi ^ l^R125m 

fc„ -b;VjBSL#*7 :r V^-^-^f>5t'9 tHL> 6 0 0 ccOittl. 0 5<DH 2 
SO, CftSL^o iftli^^Hewl et t Packard Mode 

1 6611 c Mumm^n © u - k& toa ^ /* 0 irMsm * ^£ e<t> y - 

m^o^v^/i 0 0. 1 2 7>^7, 2 3. 8^Wtlffe^iiL/c„ filf 

(ifcil. 05<7>H 2 S0 4 ) £#19 til U Jfcfil. 28WH 2 S 0 4 
Lfco 0. 127^^7, 0. 2 5B*BI"C, *Jlbli4Sll*n«Z)**!F^S**S»tfco 
0. 2 5ftMe>Ml$M04& IIiaB&WEti:2. 2 2f;VhT^oito tilio 
. 37>^7T1. 7 5 h<?)# y yMB^WiML, 0. 4 1 17> / <7 

[0 0 8 3 ] 

(^M2 1) LM0H$&-^«?tk 



(31) 
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mm 


mm 


mm 


mm \g 


153.6 






ts—ifryf^yir 2 , g 


5.7 


17.9 




LM03. g 




210.7 




7a-AHy'J*4, g 






20.8 


UHMWPEs, g 


7.0 


14.0 


16.2 




64.6 


69.1 


156.9 



1 BG-35. Superior Graphite 

2 Super P ; MMM Carbon 

3 LiMn 2 0 4 > Japan Energy ft 

4 Areosil R812S> Degussatt 

5 1 9 0 0 HCM, Monte 1-1 US Aft: 

6 Shel 1F1 ex™ 3681, Shell 0 i 1 
[0 0 8 4 ] 

3<DmU^>^K^fhilX^^\JHMWPE^XZf^4)^ (6 4. 6 g) £6 
0 0ml h-)]s¥-l}~*KXtl, ^ 7 'J - ^'T* § & t -e^ /N a f a 7 -CilD L 
o n-y-lfl^^lt, HAAKE Rheocord 90 
;*-*-H«fc »5ffiifr3*U&, 8 0RPM-CHet4HAAKE Rheomix 
6 0 0/J>M&#«8MftK:*5'; - *iU 1 8 OtCU, /Ma3l*«#NfllK^ 

^3 e>*Lfc»«JO<e»B&fl|Sfl-*6 0 0m l Y-fr^-fJ-^KXtl, -X 

o 

[0 0 8 5] 

1 5 r p m-CEIfe-rsC. W. Brabender Prep 
-Mill Model PM-300, 2 n-fl^S JVfcff 1 7 5*CfcL 



(32) #^200 2-542 574 

tz Q u-^fflmZm 0 . 3ramUlSU n-;vgg^ l 3 0 V* TTlffc^ 
fkWuLtztfV?-^- h^^^^L^-T 7 -en- 9-^3*19^ L*r 0 8 c mX 
8 c mOlE^B^i^te^^ ;VA^A,-KH9 tfiL^ T IU ^ ;v v- V<D 
MtIS, Carver Laboratory Press fcffr L, 1 4 3 t) 
, #J2, 5 0 0 kPa^-e)|$0. lOmmt^U. i«)7^W* 

[0 0 8 6 ] 

UHMWPE (14g) iiWfl' (6 9. lg) *lv>, |3i:flff;i 

7^W^ Carver Laboratory Press K jsv^T, 'jfe 2 
, 5 0 0 k P a <Dj£jj~CWZ 0 . 15mmi:7'^U, 
[0 0 8 7 ] 

0 0ml h-Jl/tf-^-ff-e^^^^^Srffl^TS^L^o a-^-^l^^lX«9 
#U\ HAAKE Rheocord 90 h^l/*^-^-eJ: 

8 0RPM-eHfet*HAAKE R h e om i x 6 0 0/M5l»S 

Ifc^fflv"^. £J:^f5<^?££f£VK 0. 0 5mmii7^ ;VA£fpo7fc 0 
[0 0 8 8 ] 

4 c mx 6 c m?);S7a3B£l^fl7 4 JVA is «t 0*1^® y 4 )V ^cnM^frhty <9 Hi 
L/to 6 c mX 8 c mCOK^3§?rPi#-7 ;VA^f>^0 19 m Lfco 1. 5cmX6 
c m<vM*) mL^^^^ri-^, 4 c mX 6 c nKDlMJfcS^J^;*^ KiJPX L 
fcH*-r >K E xm e tttt2 C u 6 - 4 1 0 FfrhV)*) ffl L*r 0 £<0*-f /M* 
J?«&rt s 0. 0 5mm-e|>l), Xf9>KH^0. 18mm-e^of: 0 1. 5 cm 
X 6 c m<7}^<9 fflL?7*Wl. 4 c mX 6 c m(7)igllfr^x^^/r/ KJP 
ILfcT;^ *-OK Exme tttt2AL 6-4 0 F frhW*) & Ltz 0 Z<D* 
^;WiJ¥<^# s 0. 0 5 mm-C& 19 , X h 9 > KJ?**0 . 18mm^ofc 0 



(33) #«2 0 0 2-5 4 2 5 7 4 

[0 0 8 9] 

m#. 117^^, mm, muy^^^^^^T)iy^^^^mn,^mx^>^> 

o £ ^ v $ £M odel C Carver Laboratory Pr 
ess K&^X, 143 *C, lOOkP a \>1T <Di±1j XW*) &fo^tz<> 1 0 0 r 
pra«TS-7^^fy^^#^ffli/>, hij^nnxf-vv<7) 6 0 0ml b 

[0 0 9 0] 

1 2 mmUHMWP EJt^£>mvtfe£--*i3 J: UWtf*/*- *fto fc« W?ft<^rt 
\Ni&J 1 mmX 7 0 mmX l 0 0 mm^ofco £fl5t»)tt»tfcl&fc:16 

Biffin i ^ISii ?^t*;v©itaL, i *K * Wfli -cBr56tftt t~ H 

> 2 c c 2f9^>'7 >v\ £ J: 0*1 0 0 mm 2 O^^S S tT^f Mt£ 1 
1 0 tJ^SAfW^j^Tl 6NPM9£**Lfco 
[0 0 9 1 ] 

»5. 0 V>Wk*, 2£<7)HiMX<7) >y—frtb^ 6mm#V7U 

-^a- tf >^ (polyflow tubing) -Cfl|)£S ;V F 

, 2^Matheson Model 3102C-580 2|Kal/- 
fci^Gi lmont Model GF-5521-1700 tfftfilt 
^LTManos tat Model 4 1 - 9 0 5 - 0 0 0 ^0-7**^ 
Wx7-a y * fc#*&Lfco ^n-y*> ^i*]<7>iSjgV^;v£L a b c 
raft ry^JVSKftia *>l£*ILfco EM Industrie s *±co S e 
lectipur (R) LP30 (EC : DMC = 1 : lw/w. 1M L i P 
F 6 ) 7^n'J>f 'Jf ^i.llSf(7), X.mx1$PPLtz 1 V y b^7 7 

^3^^n-^-^7fti:ti, ^n-?**?* 5. 0OsH£fflv> 



(34) #*2 00 2-5 42 574 

* > K> * 9 > A 2 c ct^"9Xyr/y\ is J: tT 1 0 0 mm 2 0 

y\ 2 c ct^yXy'J^y, *3 <fc V s 1 0 0 mm 2 v h *h* 

[0 0 9 2] 

*E:fitf£1tfcHjSLfc 0 L P 3 om»®**J5 5 'J V y hJUfcv'D >V&&XF\*^ 
Hewlett Packard Model 6611 GgIii|£DtS^ 

k l 7t o m * m m<v -e jEffisH^ n gas l «, ffi*£mi± ^ ± 

8&£4. 2 ^JV h t U *3K<&±ffi* 0. 01217>^7kLfc, f«ftl«f 
MjWT, &Mv>M*&3. 2 'J y h Wl-Ci^Cit) Lfco £*Ui^n- 
■7*jK y ^ X ft <7>S£ t§o <o K~t o 0 

[0 0 9 3 ] 

o a5*m$fctt&*Kj*4>U 8. 1 8 BfrMttfcft 0 . 0 0 0 57>^7f$l^ 
^7U;, «ffeJ4 2 . 7^hW*yh*7*ffi:iv>T, 0. 01217>^ 

[0 0 9 4 ] 



(35) 



<mt2 002-542574 





fllxC^il. mAh 


MB*. mA 




-61.6 


12.1 




34.7 


12.1 




-45.8 


12.1 




32.3 


12.1 




29.1 


12.1 




32.9 


30.5 



[0 0 9 5] 

mmm 22) 7 ;v * u - y a y 











56.0 








32.0 






4.0 


UHMWPE 4 . g 


2.1 


2.6 


^-r^ 5 , g 


17.2 


20.0 



1 M.mmm< 10^ m, 98%; Aldr i ch Chemicalft 

2 nm^mt^yffy ABIS, Kerr-McGee C h e m 
i c a 1 LLC 

3 BG-35, Superior Graphite 

4 1900 HCM, Monte 11 USAtt 

5 Shel 1F1 ex™ 3 6 8 1 , Shell Oiltt 
[0 0 9 6] 

&^?>. ^!$lM-f;v (1 2 g) ^iJP^T^o s*»«9-#^M^tL^^-eM 



(36) #^2 00 2-542 574 

[0 0 9 7] 

n-7-33fe£JBl«?tt*7\ HAAKE Rheocord 90 

l9lgSj$tL^>, 8 ORPM-e0fetl.HAAKE Rheomix 

6 o o/hM^^M^gft»«-#:^iiix.^ 1 8 or&cL/co 

^^i9<7)^^;v (5. 2 g) ZMz-tio Z<DM&m*%}5frMmML, 
m'&fcZ&fZo £?>tt*f£#£ 1 5 r pm-C[H|S-ri> C. W. Brabende 
r Prep-Mill Model PM-300, 2 n^;v^^H:f L, 
1 7 5VK Ltio u~)Vmm^mo. 3mm&-lfSU Z/- h ft L^-f 7 

-ea-9-^3X WLfco 8 c mx 8 c m^iE^^ ^<7>^M"7 ^VA^^^] 
fJfflU T;v^ f^WCtl, Carver Laborat 

ory Press fcf*U 143 V, #J 2 , 5 0 0 k P aWffitHS 0. 1 
3ram^7"l/^lfc 0 i<7) 7 w ;u A Sr^i&i "eife<% U T;v^ *4 % is - 

[0 0 9 8 ] 

±1EO^0*lft*j3lbT|iPte*3gjftLfco *:/iU (1 5 g) ^600 

mi b-^^-z-^x^mwMtu&L, ^m^timnm^ 3 <b >m> (5 

g) *flnx.> 2 n-;v^5 ;K9MI?g£$J0 . 6mraH, ^Carver L 
aboratory Press 7 k&te/ifr'Dtz 0 
[0 0 9 9 ] 

^tL^tL^:^ $ 4 c mX 6 c m«2^fiM^^- > fcBfcffif - >^>M 
■Xfrhtyty&Ltio 1 6 c mX 8 c mff)ftM^ 7 5 FII (B 

GO 6 8 3 6 ; 0. 13mm;Hol lings, worth & Vose 
tt) 5^<bi2J<9 ffl Lfc 0 2 cmX 1 0 c mO^«9 ft 7**ffi?Ltz 4 cmX6 cm 

KlJDXbTtlM*^ ;K Exme tttl2CU6-4/ 

0. 18mm-e$)o^ 0 2 cmX l 0 cm^») UlL^'/*tt4 4 c mX 6 c 
m<Dmm%kMfo>k^*Xs*> KJHILfc-^/HM' /K Exme ttt!3Ni 
4 - 4 -O A/^£9J19 mtTto £<7>*^f JWiJS^^O . 0 8 mmt^ >5 > ^f? 



(37) 1&m2 0 0 2-5 42 574 

[0 10 0] 

y-t^j*, mmig.fc, mm, ^ J: ^ ;va ©)fi-el,5o - 

<T>7, 9 y 2 £M odel C Carver Laboratory Pres 
s Ki3V*T\ ^143t, lOOkP a &T<^JE:fr^K«J 1 0 0 r p 

m-CH^i-^v^^^^ fmWttm^, h U ? nnxf vx?) 6 0 0 m 1 h- 
;nf-*-t-efJi-b^ ? y * ^ItlSLfto Iff Lv> h 'J ^nnxfv^fo 

SBftLfctt, 9 o C^ii^^-e l 5 5HM£i*L;fco 

[0101] 

#P>*L>t#?LSJjm&#S:*»<fc* 'J *A 3 311%* JiV^SfWsK'J =r- 
/Wc-T-fl' >"#StS145l!l 0 . 4£*%<7>2M§7fc*Attfc 2 5 0 m 

i*L*l5-Ml2 5mmHgi:*EEL, *-<&45fc*ffi*WjfeLfc 0 i^ittltf 
-f * JV£ 5 laafc^iSLfco '7^*7 5mmX 1 2 5ram*"'Jxfl' 

3 9 b"C*-3jfc 0 Mfc 1 mM<D&W.V&ffl*Xtl%:rfb, 10 53* 

[0 10 2] 

me] 



(38) 



002-542574 









5 'J7>^7 


0 


1.120 


1.39 


1.18 


10 


1.120 


1.24 


1.11 


0 


490 


1.35 


2.49 


10 


490 


1.10 


[ 2.29 


0 


330 


1.33 


3.39 


10 


330 


0.99 


3.00 



[0 10 3] 
[0 10 4] 

(*1H12 3) Ensaco 3 5 0 GR ny-ry^r- 

[*7] 







HSU 




11.0 




x'J# 2 , g 




7.0 


#fe!|Bf 3 , g 




0.2 


jS*ti?J 4 . g 




0.03 


mt&5±m & . e 




0.03 


UHMWPE 6 , g 


1.0 


2.4 


3--Ol' 7 > g 


42.0 


18.0 



1 Ensaco 350 GR^Erachem Europe 

2 Hi-S i 1 (R) SBG ftftzsV P P G Industri 

e stt 

3 ACC 10319E, Allied Color Industr 
i e sli 



(39) 13*2 0 0 2-5 42 57 4 

4 Petrac (R) CZ-8K Synthetic Produc 

t s*± 

5 Irganox (R) B-215, C i ba~Ge i gytt 

6 1 9 0 0 HCM, Mo n t e 1 1 US Aft 

7 Shel 1F1 ex™ 3 6 8 K Shell 0 i 1 tt 
[0 10 5] 

3fc*W2 3i:iLTl|j|U*-#>r9?^, Ensaco 3 5 0 GR 
a>"f*^^-(OBfc^Sr^7 K-^-to <r)1fcmW>W:WM& 6 0 0 ml h-JUf- 
#-cM*A*U ^^fa?fiWLfco ^v>"C, iIffi£SBctf tr - # - K 

*4H> (2 8g) fclm*.*:. -M.&&K.mffi*tL&k, iWfi#«flig 

[0106] 

n-9-33fl£S3i<9#lt. HAAKE Rheocord 90 

JjIMfoStli, 8 0 RPMTHStiHAAKE Rheomi x 
6 0 0^a»*JW^9l^i<7)ifiilEft«M*:*ilI^., 1 8 OVKLtzo /hSISA** 
#a^5S»9^*-r ;v (14g) *Mit/So -«M^5^IIDL> 4: 
ttSM£#£#fco -<50*l*te#^ 1 5 r p m-C[lI^i-& C. W. Brabend 
er Prep-Mill Model PM-300, 2 n-;v^5 ;WC#L 

[0107] 

±ffiO^JH£»^SLTl^*^fifcLfco fcfiU * 4 (12 g) ^600 
ml f-;vt*-*-+tMttML, ^Sa*»#Mfllt* ^ (6 

g) £ftpxi> 2 n-;Vj^ /K0fias*j&l 7 3t!KU ^o2n-)^?*«l 
Hi^^JO. 3mrai:Lfco 8 c mX 8 cra©EM*i©RiIv'- h^^ 1 !) fti 
Ln T )\s ^ jfcW h <7)M „ Carver Laborator 

y PressCfU 14313,1) 2, 5 0 0 k P aOE*t?l?$ 0. 10m 



(40) #312002-542 574 

[0 10 8] 

2$C6D 4 c mX 6 c m<D&fi>&*W&l'- VfrhVWItiLfco 1&V> 6 c mX 
8 c ra<Bft#»*PBS3'- >^f>««3 WUfco 2 c mX 1 0 c m^^L^^ 
£flt*.fc 2*fe?>4 c mX 6 c mtf)IIiI#^afX/N'> KifflX Lfcf- * > *^ 
/K E xme tttH2 T i 3. .5 - 4 /0 Ajft^^O *) ffi Ltz 0 Z<D*4 )Vl*m& 
**0. 0 5mmT^^ 7ih7>KI?* s 0. 09raraT^o^ o |t#, 

-y tr odel C Carver Laboratory Press \~ & 
^X, mi 4:3V, 10 0k P a^T«^I^Mfc 0 100rpm"CB 
fc-T P^W^frRl^, h V ? onxfU> 6 0 0ml fcf-tf-^-C 

[0109] 

t#^tLfc#?L®3 ^x^^f-ia^^itfi 1 . 28<?)H 2 S0 4 DSMAH 
tz 2 5 0 m lS#»Cfcft»l,fco 3>7">'^--|a3A#i3 J:O f #^ffi^*^T ! ^^ 
-^-tt 3 ^S^> £*t* 1 7>M 1 2 5 mmH gfcfcUEU *e>3fe«JE£ WJfc Lfc 
o £*>*ffiHJft1J->f 5 0lftl!)jSLfco ^il3>f>f-* 7 5mmX 1 2 

[0110] 

3Vfn-il^*Hewlett Packard Model 66 
1 1 C OSftr^ i:o^v^i 0 #*&*JBE<z>±BI* 1 . 2^)\>Yk L> m3K<7> 

±&B£ 1 7>^7t t^o *j»imaEtt 7 1 3 'jr^r-?* *j > 1 o^m^tm 

3ftMSfcfi9t 1 9 5 U 7>^7iWLfc. 10^f> *b, 3^7* 

^•9— <*>H0»1tEE*K*Lfco *J«!PaieIB&mEE(* 0 . 9 8#Ovh"C&*K Mfl 
i» «9 St L<7) 1 0 JM&fc 14 0 . 6 5*>f^ L/to ^7r5 KTjg 



(41) 0 0 2-5 42 57 4 

[0 111] 
[0112] 

oo^fflv^^p i i £itr!>ft*§i$£^i-&o m i o a, mmm^un^m 

2 (T3tt) ft*fl5^«|g-r^<7>^fflv^^2«^P 1 1 1 £-^fr*2ft*$l$£;jr 
[0113] 

# m$u 2 1* , ^»3M£wtm * k # v - *> * ^ wj wmn l & ai 

|&-r^c0^ffiV^^2»P 1 1 5 ^^tp^2fffi^^*i-^o 
[0 114] 

ma io. 1 2 £ <£ 0 s 1 4 it, «t «m^^*i-^> 2 «f ai$i-e& 

?'J -Kf&£cfcO^A,»T£;!j[I;t^ moUm, Mz-i£F a r r e l 3UKii^«l^ 
[0 115] 

Wfmwmmzwm^i ofrhumLtz^^ ? 1 6^u*jfaiL^^ 201: 



(42) 00 2-5 42 57 4 

-f 2 O^Wt^o Lt, l^®#m^^#ai^l 4^^JPS.Lfc^M -7°1 8£ 

£>£Xf/£?zlt 1 4^^*#mL^M 2 0 &~ffltf3!$l£j§oT& J: v> 0 
[0116] 

, i|isja<7))¥$^#— <7)^^7l^ LT^b J: 
[0117] 

E1^L&^\ h^-Y^^^^^fi, fkj&Ltz 3itl7 A )VA 3 0 £ 

n - ;k jsX&y j )VA.m&£ &4BL<Dft i & £ fMfp^ 4 — £e> 5 1 £ T n - jv ± fc. 
[0118] 

-tail ^im^fn!33 <t a*/ 4 tz tentiun #iri ^gi £ s£«r lt 7 * >w a m& <t 
{&<7)#t4£M-r4 ^ t ^-e § 4 o 

[0119] 

8 4 t 8 5 (^n-^MI^^^^tL, ^J5r«Jlbfl|jtfc3flr4o h 

muss 8 0 n&vs 2&hmmu-n'K&m-r& 0 

[0 120] 

3Sliirig:M JVA 3 0 *^tr 5 JimftMf ii#8 6 D-;V4 0 £0 Lt^> 
*<£>»ffi^* 4 2 CSJo 5e«ftb*i&#Ji, *V>-Cn-A/4 6 £0oT 
^>^4 4 ^f.fflSo 5»«fft«jtfr8 6 <D ZMMUV J frJ* 3 o &fluft-r4SB 



(43) !f$«2 0 0 2-5 42 574 

v^ 0 illiU51Ii«j|#t, n-;V6 0 *0LT«a»a58 8 
[0121] 

[0 12 2] 

gaWSr^fc-f - **:*, 4 4 1*1 -Cfrfctl LTiiL 

Tito L^L> »tti£. #S#IHM, 6 4 8, 4 1 7 -^fclBlRS tlX^Z h 

[0 12 3] 

jfiR«lfcf£ofc£JB (3®) Iiftift3 0 (ttmfr) fcJO^S (51) I 
^ftfl!!ij|#8 9 Sr-tft-FJlBM U 1 5 K^-fo £ fecial »J ^ Mlfc 

mfefas 9 8 1 , mmm 5 2 , mmm 5 4 , mmm 5 6 > & «t 

[0 12 4] 



(44) 13*2 0 0 2-5 42 574 

<V&, *S#fF!M, 7 3 4, 2 2 9#K|Eic?ttTV^ 0 qTM^JO^J^mcT) 
[0 12 5] 

[0126] 
[0 1 2 7 ] 

[0128] 

flWiSSe-cJSfcrc&fco ffl&wr, ^a'jh, ^>^t>. ^u^t^, ^tvf 

iHf'Jf^A (^!lX-tfL i C o 0 2 fcitFL i C o V0 4 ) ; ^'/^'/I'Jf 
7 A (fll&tfL i Mn 2 0 4 ) ; -?^r;vSI'Jf^A (F3x.tfL i N i 0 2 *s J: 
Z/L i N i V o 4 ) ; iSefcD^ft^^^&So #<^w-tt. *S#I^5 
, 4 2 9, 8 9 0-f-Kffii^L i , Mn 2 0 4 Ut:if-OV) <a»ffifS14*m<*>iI 



(45) 0 0 2-542 5 7 4 

^SWo Rjl-frfctt, L i „ Mn 2 0, (X H^tO<x^ 
2-C*& Li.NiO.^iffLi, CoO, ^^IKLfc^ <Hlo<7)'J 

[0 12 9] 

*@#fFfft5, 7 7 8, 5 1 R&*m*Jl«fr, »5fc£U^ y 4r 

[0 13 0] 

nTMSlU UHMWPE^fr*°'J-7-7f'J-;^ )s X TfftM*/ V # . 7i- 

^^y'J coalite fi D egussa Areosil R 8 1 2 S 33 J: J . M 

Huber Cab-Osil T S - 5 3 0 tl&o 
[0131] 

mmm 2 4 ) mmmmmmm 

[0 13 2] 

v-BTffljWJR«i7fcSr> 8 0 0 r p m"CtH^i"S L ightning Mo 
del Paratrol A5*t-*Il», 1 5 'J ? b^-J^tfW 
Lfco JRffliSWJ&Jjfctt, Shell O i 1 IS h e 1 1 f 1 e x™ 3 6 8 1 
t7fVl^ilIM*>f;P (2, 15 4. 3g) , fcWMont e lgMon 
tel 1 9 0 0 H™ UHMWP E ( 2 3 2. 5 g) i>?)44, ift-f ^ 
SriD^.. ^UHMWPE*ix.fco WJfc#*iH*.fc1*, JBHi&aEfc*sv*T 1 
0 4H9«jftl**ttfco MM^TLfct, 5 3r^~ <OU^ 5 OOrpmC 

[0 13 3] 

MffitettWI'&'&fcL ittleford Model W- 1 0 5*+>-- 



(46) #*2 0 0 2 - 5 4 2 5 7 4 

*-CSSLfco &Ummtft&&to<0&frtii. Superior Graphi 
tettlBG-3 5 T1, lf(5, 118. 5 g ) *5 <£ tfMMM Carbon 

S u p e r P TM % - v ? (189. 2 g ) frh £ & o i -f 

ifflx., ^"C*-3K>^9 y * S-iH/ifco fiJBl*riaHaflPt*v^T 1, 0 0 0 0 
3 *:<> U HMWP E/prWJI^itFiiiWi^^WJ 

[0134] 

mmm 2 5 ) mmmmm.&m 

[0135] 

jK'J -7- t nrMMnMffil®.*, 1, 0 0 0 r p m-CBSI - * L ightnin 
g Model Paratrol A ^ 3r*f- £JBv>, 1 5 'J f 

ttilL^o liMiii, z**r-<Dz/*) yy~KMz-tiWJ", Shei 

1 Oi lUShe I 1 f 1 ex™ 3 6 8 1 -T 7r ^aMUjpiffi*^ ;P (3, 
6 3 6 g) > is ifFM o n t e 1 MM o n t e 1 1 9 0 0 H™ UHMWP 
E ( 3 7 7 g) frhtt&o 
[0 13 6] 

H&ffirate##HfrM&*L ittleford Model W- 1 0 3 

^-cwkl^o mm^mnu&m^i&frte, s ^-KMz-tcmK, mmm 

CarbonlSuper P TM (954g) . fei^J a 

pan Energy *±§£ 'Jf>)Av>#>' HMfc&*5-5k ( 1 1, 2 4 0. 2 g ) 
tf*£>fc&o £T<£li50tt*#ll fisBl*fflHfifl£^*v»f 1 , 0 0 OEMS-? 3 

frmmftio v emwp e y ss mmmmm^xxf mmm mma^^wi 2 7-c 

[0137] 

2 6 ) mtir«^A« 

PB#ttr.ieffififetl^ 5'J-t, 800rp m-CEHKT* Lightning M 
odel Paratrol A^t-^, 1 5 V y h fcf - * - +"CH 



(47) #8200 2-542 574 

S&Lfco X9'J*-«5«ftli, ^ ^-F-Ov-V >^-fctn*.fcJ«fc, Shell 
Oi lSShe 1 1 f 1 ex™ 3 6 8 1 ^ 7 x V^ifflXJi* ^ ;V (2, 3 5 
9. 6g) ,Montel iMo n t e 1 1 9 0 0 H T M UHMWPE (2 
43. 6 g ) > £ X Zf D e g u s s a $£A e r o s i 1 R812S™ 3**14 

T^MJiJSHM-effoTto fcJfflfijfnolfc, 5 ^-9--<7)0^^ 5 0 0 r pmt: 

[0138] 

(*ifef!l2 7) 1i^<7>7-f 

- S F S - 2 4/6fflS*Wjgffiie«*fl!v>, Cole-Parmer Mas 
terflex Model 77300-5 0 y*Wfll L&# s ^ 2 

-S-AtLTvi 1597 h^/^u yy-tfMWifty^K&i&^fco ^ y yy-<v±.KW 

Y)tt\1rfc 5 0 0 r p m"C|lI|Si-i> Lightning Lab Master 
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